Abstract By compiling an up-to-date catalog for the binary and multiple stellar systems containing pulsating components, we present a statistics on such systems. tems with pulsating components, to stellar evolution theories is also addressed. In addition, a catalog consisting of 434 confirmed Algol-type eclipsing binaries (EA) is provided for reference.
Recent discoveries have motivated the researchers, who are specialized in the fields of binaries and pulsating variables, to draw their observational attention onto oscillating binary systems. For example, the detection of a giant extrasolar planet orbiting the eclipsing polar DP Leo (Qian et al. 2010) ; the search for planets around pulsating subdwarf B stars (Schuh et al. 2010) ; the detection of a tertiary brown dwarf companion in the sdB-type eclipsing binary HS 0705+6700 (Qian et al. 2009 ); the discovery of non-radial pulsations in the Herbig Ae type spectroscopic binary RS Cha (Böhm et al. 2009 ); the discovery of slow X-ray pulsations in the high-mass X-ray binary 4U 2206+54 (Reig et al. 2009 ) and so on. Most recently, a search for radio pulsations from neutron star companions of four subdwarf B stars (Coenen et al. 2011) leads to the results that they orbit a companion in the neutron star mass range. Such companions are thought to play an important role in the poorly understood formation of subdwarf B stars. Even planets orbiting postcommon envelope binaries are detected (e.g. the cataclysmic binary DP Leo, Beuermann K., et al. 2011 ).
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RATIONALE AND BENEFIT OF STUDYING BINARY SYSTEMS OSCILLATING COMPONENTS
There are only two underlying mechanisms for driving stellar pulsations: the self excitation in the layers (which operate as a heat engine) and the stochastic oscillations by turbulent convection. The former instability mechanism excites pulsations in most stars, beginning from classical instability strip stars, through B type main sequence stars, hot subdwarfs to white dwarfs. The second stochastic excitation drives solar-like oscillations, including those observed in the Sun, and is expected in all stars with extended convective outer layers (Daszyńska-Daszkiewicz 2009). That is not the whole story of stellar pulsation. In pulsation modelling, pulsation modes are needed to be observationally identified first. More importantly, the stellar mass must be well determined as a key input parameter before applying asteroseismic techniques.
How can we measure the mass of a distant star? As known, stellar mass (together with radius) can be independently and uniquely determined only if the star is a component of a double-lined spectroscopic eclipsing binary by the Kepler's third law:
if one measures orbital period P in years, semimajor axis of the orbit a (or separation of the two components) in astronomical units (AU) and each component's mass (M 1 , M 2 ) in solar masses. The orbital velocity amplitudes (K 1 , K 2 ) are used to determine a directly by the relation
A general mass function for the secondary companion can be written as
where K 1 sin i is the line-of-sight velocity component of the orbital motion of the primary companion about the center of mass, G is the universal gravitational constant. If the orbital plane of a binary system is perpendicular to the plane of the sky, that is, we are observing in the orbital plane (edge-on, orbital inclination i = 90
• , which is true if the system is eclipsing), then the solution to the above equation is straightforward. By using Eq.(3), orbital eccentricity is neglected and circular orbit has been assumed. Thus if an eclipsing binary is a double-lined spectroscopic system, the fundamental physical properties (mass, radius, temperature and luminosity) can be directly determined from the analysis of the combined radial velocity and photometric observations. The parameter relations given in Eqs. (1)- (3) is one of the main concerns on the study of eclipsing binary systems with pulsating components.
To summarize, the common interests in studying the pulsators in binary and multiple stellar systems relies at least on following advantages:
(1) If no mechanism damping pulsations in close binaries, percentage of pulsating stars expected among A-F components of detached & semi-detached eclipsing binaries should be at least the same as for single A-F type stars.
A.-Y. Zhou (2) Pulsation characteristics of oscillating binaries are similar to those of single pulsators, but their evolutions are quite different due to mass accretion.
(3) Precise estimation of the accretion rate using the pulsation period changes of the gainer/accreting star caused by accretion.
(4) Possibility of precise dynamical mass and radius determinations -the masses and radii for each component in eclipsing (double-lined) spectroscopic binaries could be accurately determined.
(5) With a certain mass, it should help to model the pulsating spectra.
(6) The possibility of (non-radial) mode identification during the eclipse orbital phases (i.e. the primary minima) using the observed pulsational amplitude and phase changes during the eclipse (Nather & Robinson 1974 ). This has been explored by, for instance, Reed et al. (2005) and Bíró & Nuspl (2011) . (7) Higher probability of detection of the sectorial modes due to equator-on visibility of components in close eclipsing binaries.
(8) When applying asteroseismic diagnostic tools to studying the dynamics of mass transfer between components in semi-detached eclipsing binaries, the possibility of precise estimation of the accretion rate would become higher if using the pulsation period changes of the gainer star caused by accretion.
(9) The study of pulsational properties of the pulsating components in eclipsing binaries is in its blossom state, whereas asteroseismology of these stars is very attractive in comparison to single stars -pulsational properties can be constrained using spectroscopic eclipsing binary systems (say Creevey et al. 2011 ).
By now, more than ten types of pulsating stars are found as members of various binary systems. Those planet-hosting oscillators can also be regarded as a special case of binary systems. At the time of observational efforts rolling into this field, the binary, triple or multiple stellar systems with pulsating components are needed to be collected in a catalog. We have attempted to catalog both the Galactic and extragalactic stellar systems with pulsating components. However, the number of pulsating binaries is increasing. As of this writing, some oscillating multiple stellar systems might have not been collected. The readers should be aware that other kinds of pulsating binary systems not mentioned in current version are possible. Regarding this, the missing materials will be supplied in future updates.
NOTES TO THE CATALOG
General notes
Labels used in the catalog: other identifications, etc.
(7) oEA -oscillating EA (eclipsing binaries of Algol-type) (8) EB -Eclipsing binary systems (9) SB -refers to spectroscopic binary.
(10) SB+orbit -stands for spectroscopic binary with known orbital elements available in literature.
(11) comp.? -photometric companion, physical relation should be investigated.
(12) Reference -key references concerning the pulsational properties and binarity. Some object names used short nomenclature following the references, full identification in the survey project is provided in 'Comments' column. Some data were adopted from Soydugan et 
Comments on each subgroup of the pulsating multiple stellar systems
Under the scope of pulsating components in binaries, we have summarized the catalog in Table 1 all the types of pulsating stars currently discovered in various groups of binary systems. We describe each type of pulsating stars and binary systems briefly according to the GCVS as a conceptual background knowledge.
Types of Binary Systems Involved
1. EB: Eclipsing binary systems. These are binary systems with orbital planes so close to the observer's line of sight (the inclination of the orbital plane to the plane orthogonal to the line of sight is close to
90
• ) that the components periodically eclipse each other. Consequently, the observer finds changes of the apparent combined brightness of the system with the period coincident with that of the components' orbital motion. (widely recognized as oEA systems), usually the primary components are intrinsic pulsating variable stars (e.g. δ Scuti-type pulsators), while the late-type secondary fills its Roche lobe. Distribution of a sample of 434 confirmed EA with respect to spectral types is given in Fig. 5 . These binaries are provided in appendix.
3. EB(β): β Lyrae-type eclipsing systems. These are eclipsing systems having ellipsoidal components and light curves for which it is impossible to specify the exact times of onset and end of eclipses because of a continuous change of a system's apparent combined brightness between eclipses; secondary minimum is observed in all cases, its depth usually being considerably smaller than that of the primary minimum; periods are mainly longer than 1 day. The components generally belong to early spectral types (B-A).
Light amplitudes are usually < 2 mag in V . 6. X: Close binary systems that are sources of strong, variable X-ray emission and which do not belong to or are not yet attributed to any of the above types of variable stars. One of the components of the system is a hot compact object (white dwarf, neutron star, or possibly a black hole). X-ray emission originates from the infall of matter onto the compact object or onto an accretion disk surrounding the compact object. In turn, the X-ray emission is incident upon the atmosphere of the cooler companion of the compact object and is re-radiated in the form of optical high-temperature radiation (reflection effect), thus making that area of the cooler companion's surface an earlier spectral type. These effects lead to quite a peculiar complex character of optical variability in such systems. Be/X-ray pulsating binary systems is a type of this class.
δ Sct Pulsators in Binaries
Variables of the δ Scuti type (DSCT) are pulsating variables of spectral types A0-F5 with luminosity classes V to III displaying light amplitudes from 0.003 to 0.9 mag in V band (usually several hundredths of a magnitude) and periods from 0.01 to 0.2 days. The shapes of the light curves, periods, and amplitudes usually vary greatly. Radial as well as nonradial pulsations are observed. The variability of some members of this type appears sporadically and sometimes completely ceases, this being a consequence of strong amplitude modulation with the lower value of the amplitude not exceeding 0.001 mag in some cases. The maximum of the surface layer expansion does not lag behind the maximum light for more than 0.1 periods. DSCT stars are representatives of the galactic disk and are phenomenologically close to the SX Phe variables. They pulsate in radial and nonradial p (pressure, and possibly also g -gravity) modes. After white dwarfs, they are the second most abundant pulsating variables in our Galaxy.
δ Sct type pulsators are driven by the so-called κ mechanism. These stars pulsate mostly in low-radialorder pressure-mode with pulsation constants usually less than 0.03 d. Seeds (1972) high-precision CCD photometry, the number has been inspiringly increased largely to some 90 in recent years.
β Cep and SPB Pulsators in Binaries
There are two classes of B-type main sequence pulsators: β Cephei pulsators (BCEP) and slowly pulsating B stars (SPB). Variables of the β Cephei type (prototype β Cep, β CMa), are pulsating O8-B6 I-V stars with periods of light and radial-velocity variations in the range of 0.1-0.6 days and light amplitudes from 0.01 to 0.3 mag in V band. The light curves are similar in shape to average radial-velocity curves but lag in phase by a quarter of the period, so that maximum brightness corresponds to maximum contraction, i.e., to minimum stellar radius. The majority of these stars probably show radial pulsations, but some (say V649 Per) display nonradial pulsations. Multiperiodicity is characteristic of many of these stars. BCEP stars with masses larger than 8M ⊙ and spectral types B0-B2.5, in which mainly pressure (p) modes are excited. 
Cepheids in Binaries
Cepheids ( The astrophysical and cosmological importance of finding a Cepheid as a member of an eclipsing binary is considerable. If an eclipsing binary is a double-lined system, the mass, radius, and luminosity can be directly determined from the analysis of the light and radial velocity curves. Moreover, the study of Cepheids in eclipsing binaries offers an important opportunity to investigate the structure and evolution of Cepheids as well as tests of pulsational theories. These systems provide opportunity to minimize the dependence of the Cosmic Distance Scale and Hubble's constant on uncertainties in assumed "zero-points".
γ Dor Pulsators in Binaries
γ Doradus-type stars (GDOR, prototype γ Dor) are early type F dwarfs showing multiple periods from several tenths of a day to slightly in excess of one day. Amplitudes usually do not exceed 0.1 mag. Presumably low degree gravity-mode non-radial pulsators and high-radial-order g-mode pulsators. Presently feasible driving mechanism is flux-blocking mechanism at the base of their relatively thin convective envelopes.
They usually have pulsation constants higher than 0.23 d. γ Dor and δ Sct stars have commensurate pulsational periods.
sdB/sdO Pulsators in Binaries
Subdwarf B (sdB) pulsating variable stars are low-mass (∼0.5 M ⊙ ) core helium-burning horizonal branch stars with very thin outer hydrogen layers, making them quite luminous. They are evolved, compact (typical values log g ∼ 5.8) and hotter (T eff > ∼ 20 000 K) B subdwarfs. Since its discovery in 1997, over 30 of the sdBV stars have been identified to be multimode pulsators, with typical pulsation periods of 100-250 seconds in a total range of about 60-600 seconds, and with pulsation amplitudes generally less than a few hundredths of a magnitude. These pulsating sdB stars are officially V361 Hya stars, which were commonly known as EC 14026 stars after the prototype and referred to as sdBV stars.
RR Lyr Pulsators in Binaries
RR Lyrae stars (RR) are variables of the RR Lyrae type, they are old population II, mostly found in globular clusters, which are radially-pulsating giant stars with spectral types in A7-F5, having amplitudes ∆V ∼ 0. 
SX Phe-type Pulsators in Binaries
Phenomenologically, these SXPHE resemble DSCT variables and are pulsating subdwarfs of the spherical component, or old disk galactic population, with spectral types in the range A2-F5. They may show several simultaneous periods of oscillation, generally in the range 0.04-0.08 days, with variable-amplitude light changes that may reach 0.7 mag in V band. These stars are Pop. II, metal-poor with high spatial motions, mostly in blue-straggler region in globular clusters. Multiperiodicity and nonradial pulsational contents are discovered recently in some of them.
WDA/WDB Pulsators in Binaries
White dwarf pulsators (showing absorption lines with FWHM >1500 km s −1 ) with Balmer lines only (WDA) or white-dwarf white-dwarf binaries (WDB). Binaries consisting of sdB and WD are listed together under sdB type.
Other Pulsators in Binaries
In this contribution, we also collected a few other types of pulsating stars in EB systems, including three Wolf-Rayet stars, one BY Dra-type star, and those eclipsing cataclysmic variables (CVs), especially the subgroup of post-common envelope binaries known or suspected to possess planets. CVs are a class of interacting binary star system which display a huge diversity of physical phenomena. The majority of them are composed of a white dwarf and a low-mass and unevolved secondary star, plus an accretion disc through which material passes from the secondary star (the donor) to the WD. The importance of eclipsing CVs lies in the information which can be extracted from them: detailed modelling of their eclipses allows one to obtain the basic physical properties of the system, including the masses and radii of the stellar components.
Such information is valuable in understanding the evolution of CVs.
Based on the catalog, several statistics were made in Table 1 3. Can we understand stellar pulsations when other processes (e.g. mass exchange/loss) are also present?
4. What is the link between orbital motion, rotation and pulsation?
5. We need improved models which can take into account deformed stellar shapes, including rotational and tidal distortions.
6. How to discriminate properly between forced oscillations and modified or unaffected free oscillations in close binaries?
7. Possible small cyclic variations of the oscillation frequencies, due to variable shape of the star in close eccentric-orbit binaries, and the light-time effect in the wide ones. Recalling the open questions, progress and prospects connecting oscillation and binarity, the study of pulsating components in binaries becomes increasingly important.
THE CATALOG
The catalog is arranged in different types of pulsating stars. Entries for member stars in each group are listed in the order of ascending Right Ascension. The orbital and pulsational data were adopted from literature.
FK5 coordinates (equinox=2000.0), spectral types and BV magnitudes when unavailable in publications were adopted from the SIMBAD astronomical database 1 . 
